4-Aminopyridine produces epileptiform activity in hippocampus and enhances synaptic excitation and inhibition.
Using extra- and intracellular recording techniques, we investigated the epileptiform activity induced by low concentrations (5 and 10 microM) of bath-applied 4-aminopyridine (4-AP) in the CA3 subfield of rat hippocampal slices. We also studied the effects of 4-AP on the excitatory and inhibitory synaptic conductance changes in CA3 neurons produced by mossy fiber stimulation. Low concentrations of 4-AP induced spontaneously occurring epileptiform discharges at extracellular potassium concentrations between 1 and 10 mM. In contrast, picrotoxin and bicuculline produced spontaneous epileptiform discharges at extracellular potassium concentrations between 5 and 10 mM. The paroxysmal depolarizing shift (PDS) induced by 4-AP was also investigated. At potentials between -40 and -10 mV, the waveform of the PDS consisted of a depolarizing component enveloped by a hyperpolarizing component. The amplitude of the depolarizing component of the PDS was a monotonic function of the membrane potential, and the mean measured reversal potential was -25.7 mV. Under voltage-clamp conditions, the measured conductance associated with the depolarizing component of the PDS averaged 110 nS, with a reversal potential of -14.1 mV. Application of 5 microM 4-AP produced an increase in the inhibitory synaptic conductance change calculated from currents measured 15 ms following mossy fiber stimulation. The mean value increased from 35.2 to 58.1 nS (P less than 0.05) without a significant change in reversal potential. A concentration of 10 microM 4-AP also produced an increase in this inhibitory synaptic conductance change (from 53.3 to 66.3 nS, P less than 0.05) but caused a significant depolarization of the reversal potential (from -66.5 to -61.6 mV, P less than 0.05). This change in reversal potential may reflect a prolongation of the excitatory synaptic currents produced by 4-AP that contributes to the current measured 15 ms from the stimulus. Following application of either 5 or 10 microM 4-AP, there were no significant changes in the resting potential or input resistance of the neurons studied. Application of 5 microM 4-AP also significantly increased the amplitude of the measured excitatory synaptic conductance change produced by mossy fiber stimulation (from 27.9 to 44.1 nS, P less than 0.05) without producing a change in the reversal potential. In 5 of 21 neurons studied, a long-lasting outward synaptic current was present at holding potentials near rest following mossy fiber stimulation.(ABSTRACT TRUNCATED AT 400 WORDS)